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One approach t o  cont inuous  TV coverage d u r i n g  LRV 
t r a v e r s e s  would be  t h e  use  o f  a medium g a i n  an tenna  which does 
n o t  r e q u i r e  s t e e r i n g ,  such as t h e  ALSEP an tenna  w i t h  a 

8.5" beamwidth. (This  w i l l  p robably  r e q u i r e  t h e  use  of  t h e  
2 1 0 '  d i s h  f o r  t h e  e a r t h  r e c e i v e r . )  I t  would be conven ien t  
i f  t h i s  ALSEP antenna  could be p o i n t e d  a l o n g  t h e  loca l  v e r t i c a l  
so t h a t  heading  changes of t h e  LRV would have o n l y  a s m a l l  
e f f e c t  on r e c e i v e d  s i g n a l  s t r e n g t h .  The q u e s t i o n ,  t h e r e f o r e ,  
i s  what i s  t h e  ve r t i ca l  ang le .  t o  t h e  e a r t h ,  s a y ,  measured from 
t h e  z e n i t h ;  t h i s  i s  c a l l e d  t h e  z e n i t h  d i s t a n c e .  

T h i s  v e r t i c a l  ang le  does depend on t h e  c o o r d i n a t e s  
of  t h e  p a r t i c u l a r  l a n d i n g  s i t e .  These are shown i n  Table I 
f o r  t h e  Apollo 1 6  and 1 7  s i tes ;  t h e  Apollo 15 and t h e  a l t e r n a t e  
s i t e  f o r  Apollo 1 7  are a l s o  shown f o r  r e f e r e n c e .  The e n t r y  
l a b e l e d  R a d i a l  i s  t h e  t o t a l  angle  f o r  t h e  g iven  l a t i t u d e  and 
l o n g i t u d e ,  and it i s  seen  t o  be 17" and 1 4 "  f o r  Apollo 1 6  and 
1 7 ,  r e s p e c t i v e l y .  

The v e r t i c a l  a n g l e  t o  t h e  e a r t h  a l s o  depends on t h e  
geomet r i c  l i b r a t i o n  o f  t h e  moon. Th i s  mot ion  fo l lows  t h e  l u n a r  
month and can amount t o  * 8" i n  bo th  l a t i t u d e  and l o n g i t u d e . *  
This motion can be v i s u a l i z e d  as fo l lows .  The l i n e  connec t ing  
t h e  c e n t e r  of t h e  e a r t h  t o  t h e  c e n t e r  o f  t h e  moon w i l l  form a 
l o c u s  on t h e  s u r f a c e  o f  t h e  moon. This  l o c u s  i s  an e l l i p t i c a l  
l i s s a j o u s  f i g u r e  which v a r i e s  from a s t r a i g h t  l i n e  t o  a lmost  a 
circle.  I t  can change t h e  antenna ang le  t o  t h e  e a r t h  by as much 
as one degree  a day. 
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*"A Compendium of t h e  Moon's Motion and Geometry/f\S 196% EP7977 
th rough 1985",  by J. 0. C a p p e l l a r i ,  Jr. , Bellcomm TR-@$-3RfliVED 
Janua ry  9 ,  1968. 
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A computer program was w r i t t e n  (by M r s .  S. C. Wynn) 
t o  g i v e  t h e  e a r t h  z e n i t h  d i s t a n c e  as a f u n c t i o n  of t h e  l o c a l  
sun a n g l e  f o r  t h e  s e v e r a l  launch months. The problem, t h e n ,  
i s  t o  de termine  t h e  minimum sun a n g l e  a t  t h e  s t a r t  o f  t h e  f i rs t  
LRV traverse and t h e  maximum sun ang le  a t  t h e  end  o f  t h e  l a s t  
LRV traverse. For t h e  purposes  of t h i s  s t u d y  a minimum sun  
a n g l e  o f  5' a t  l a n d i n g  w a s  assumed. With a minimum check-out 
t i m e  of f o u r  hours  and a sun rate o f  0.5'/hr, t h e  minimum sun 
a n g l e  o f  7' w a s  used f o r  t h e  s t a r t  o f  t h e  f i rs t  traverse. 
With a maximum l a n d i n g  sun  angle  of 23' and a maximum s t a y  
t i m e  o f  6 8  hours  (less s i x  hours  for  l i f t o f f  p r e p a r a t i o n )  t h e  
maximum sun ang le  of 54' w a s  u sed  fo r  end o f  t h e  l a s t  traverse. 
The ver t ica l  a n g l e  o f  t h e  e a r t h  for  t h e s e  extreme sun  a n g l e s  
i s  l i s t e d  i n  the  l a s t  t w o  columns o f  Table I.  

An examinat ion  o f  Table  I reveals t h a t  t h e  maximum 
v a l u e  o f  t h e  v e r t i c a l  ang le  of t h e  e a r t h  (as measured f r o m  
z e n i t h )  o c c u r s  a t  t h e  end of t h e  LRV miss ion .  I n  a l l  cases 
t h i s  ang le  i s  less t h a n  t h e  r a d i a l  a n g l e  of t h e  l a n d i n g  s i t e .  
This  should  be cons ide red  as s e r e n d i p i t y  as w e  d i d  n o t  a n t i c i p a t e  
such a f a v o r a b l e  r e l a t i o n s h i p  between t h e  c o o r d i n a t e s  of  t h e  
l a n d i n g  s i t e  and t h e  phase  of t h e  l i b r a t i o n  c y c l e .  

While t h e  l i b r a t i o n  o f  t h e  moon gives an e a r t h  ver t ica l  
a n g l e  a f e w  degrees less t h a n  t h e  radial  a n g l e  o f  t h e  s i t e ,  t h e  
r e d u c t i o n  i s  i n s u f f i c i e n t .  The ve r t i ca l  a n g l e  fo r  Apollo 1 6  i s  
14' and f o r  Apollo 1 7 ,  12'. These v a l u e s  exceed t h e  8.5' beam- 
wid th  of t h e  ALSEP an tenna .  The re fo re ,  a s imple v e r t i c a l  
o r i e n t a t i o n  of t h i s  an tenna  does n o t  s o l v e  t h e  problem of con- 
t i n u o u s  TV coverage .  An obvious m o d i f i c a t i o n  of  t h i s  approach 
would be t o  manually a i m  t h e  an tenna  towards t h e  e a r t h  a t  t h e  
s t a r t  of a traverse l e g  t o  account  f o r  t h e  g r o s s  heading o f  t h e  
LRV d u r i n g  t h i s  p o r t i o n  of t h e  traverse. 
may give s a t i s f a c t o r y  r e s u l t s  u n l e s s  t h e  LRV has t o  undergo 
d ra s t i c  heading  changes t o  avoid l o c a l  o b s t a c l e s .  

T h i s  modi f ied  approach 

I n  conc lus ion ,  it should be no ted  t h a t  w h i l e  t h e  
medium g a i n  an tenna  approach has  t h e  v i r t u e  of s i m p l i c i t y ,  it 
i s  ixherently a margixal system. 
t 8.5' p i t c h  and r o l l  a t t i t u d e  changes.  
reduced  by any g e n e r a l  l u r a i n  s l o p e  or by traverses a long  t h e  
side o f  a h i l l .  When w e  f u r t h e r  c o n s i d e r  t h e  non-zeni th  e a r t h  
a n g l e s  and t h e  c ross -coup l ing  effects  of LRV heading  changes,  
t h e  "cont inuous"  TV coverage may prove t o  have a very  s m a l l  
d u t y  c y c l e .  

A t  b e s t  it can handle  o n l y  
Even t h i s  range  i s  
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